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The purpose of the Interactions Measurement Payload for Shuttle (IMPS) is 
to develop a payload of engineering experiments to determine the effects of the 
space environment on projected Air Force space systems. Measurements by IMPS 
on a late-1980s polar-orbit Shuttle flight will lead to detailed knowledge of 
the interaction of the low-altitude polar-auroral environment on materials, 
equipment and technologies to be used in future large, high-power space systems. 
The results from tne IMPS measurements will provide direct input to MIL— STD 
design guidelines and test standards that properly account for space-environment 
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INTRODUCTION 

The adverse effects of the space environment on space systems have 
caused many operating anomalies in communication and surveillance satellites. 
These anomalies were mainly associated with energetic-particle radiation or 
with spacecraft charging at geosynchronous altitudes. For larger space systems 
operating in low-earth polar orbits, a new set Of environment-induced inter- 
actions will affect the operation of various equipments and subsystems. These 
adverse effects may limit the construction or mechanical performance of large 
structures in space or limit the power levels available for solar-cell sources. 
Before any new Air Force space systems are built and deployed, we must obtain 
sufficient environment-interaction information to assure their continued-effec- 
tive operation in space. 


The effects of the space environment on large-structure, high-power space 
systems are unknown. Of particular concern is operation in the polar-auroral 
region at low to medium altitudes (200 to 2000 km). The physical processes of 
this regime and the interactions of the environment with materials, subsystems, 
and technologies characteristic of Air Force space systems of the 1990s must be 
quantified to assure the reliable operation of projected space systems. IMPS 
will measure polar-auroral effects on solar-array panels, spacecraft materials, 
structures, electronic subsystems, and astronaut EVA equipment. It emphasizes 
application to large, high-power systems and is directed toward technologies 
identified in the Military Space Systems Technology Model (MSSTM). 

SPACE OPERATIONS AND POSSIBLE INTERACTIONS 

The first step in deciding what instrumentation should be included in IMPS 
is to define several Air Force space-operations objectives and determine how the 
space environment will interact with the equipment or technologies needed to 
carry out those operations. Since IMPS will fly in polar orbit, polar-auroral 
environment interactions will be emphasized. The purpose of the IMPS measurements 
will be to quantify important environmental Interactions — those that will 
restrict certain kinds of space operation, limit the performance of a particular 
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(1) Differential charging between the astronaut and his spacecraft or the 
spacecraft being repaired due to particular environmental conditions in the area. 

(2) Interactive effects on the electronics of future EVA-systems due to 
electromagnetic interference or differential charging. 

(3) Effects in the space-plasma environment due to thermal-control water 
discharge in the astronaut's Life Support System (LSS). 

IMPS— CONCEPTS 

The objective of the Interactions Measurement Payload for Shuttle (IMPS) 
program is to develop a payload of appropriate engineering experiments to 
measure the effects of the polar-auroral environment on materials, subsystems 
and technologies that will be used in future Air Force space systems. The * 
payload Will consist of: 

a. A. complement of engineering experiments to measure and quantify the 
different kinds of interactive effects Caused by the environment on various 
parts of projected future space systems* 


b. In support of the engineering experiments, a limited set of polar- 
auroral environment Sensors to characters the environment causing the dis- 
ruptive interactive effects. 

Interactive effects to be investigated by the engineering experiments will 
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(1) Interaction of the auroral plasma and current sheets on high-voltage 
arrays, resulting in power leakage or arc-breakdown. 


J- ) Interaction of spacecraft electrical currents with polar magnetic 
fields on large space structures, causing torques or structure deformation 
(reducing the pointing accuracy of a large antenna, for example). 

ee fP Interactions that increase electromagnetic interference, reducing the 
effectiveness of space communications or surveillance systems. 


(4) 


electronic 


Interactions that degrade the properties or performance of materials or 
circuitry, resulting in operational anomalies or subsystem failures. 


(5) Interactions that pose a threat to the 
(causing a malfunction in the astronaut's Manned 


astronaut during polar-orbit EVA 
Maneuvering Unit, for example). 
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c. A recommended IMPS Implementation, plan to serve as a guide for the 
large-scale- future work to develop, test,. .Integrate, and fly IMPS. 

d. A cost estimate for the IMPS pro gram (f or later trade-off studies). 


IMPS FOLLOW-ON WORK 

In general, the engineering experiments for IMPS will be obtained through 
the AF laboratories, NASA technology centers, and other science and engineering 
organizations that will be developing hardware and technology for future space 
application. Because these organizations are looking forward to the successful 
usage or operation of their hardware/technology in Space, they have shown a- strong 
interest in the IMPS program as a means of finding Out how their hardware/tech- 
nology will be affected by the space environment. AFGL will provide to these 
organizations support from the IMPS program to put together engineering experiments 
involving their internally-developed- materials, equipment, or technologies. These 
experiments will be designed, fabricated, and tested under the direction of the 
of the particular AF laboratory, NASA technology center, or other S&E organization. 
In most instances, the detailed work will be carried out through contracts with 
universities, research organizations, and industrial companies. 

Experiment and Sensor Development 

Work on IMPS instrument development will include: 

a. Selection of required engineering experiments and environmental sensors 
by AFGL. 

b. Design of the individual engineering experiments^ 

c. Development and fabrication of the experiments and sensors. 

d. Testing of individual engineering experiments and environmental sensor 
packages at the builder's facility to ensure that they fulfill IMPS requirements 
for making the various measurements. Testing to ensure that they conform to IMPS 
guidelines regarding command and power distribution, recording and telemetry, etc. 
Testing to ensure the experiments and sensors meet Shuttle operations and safety 
standards. 


Integration and Shuttle Flight 

AFGL Will bring together the engineering experiments and environment sensors 
Obtained from the various organizations responsible for their development and 
deliver them to the Space Test Program for integration. STP wiil then become 
responsible for IMPS. Shuttle flight arrangements and scheduling will also be 
handled by STP. 


Data Analysis 

During the Shuttle flight of IMPS, there will be a need for real-time 
monitoring of some of the instruments. Although IMPS operation will be made 
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ENGINEERING EXPERIMENTS 

• ELECTRICAL CHARGING/EMI 
•LARGE SRACE STRUCTURES 
•HIGH POWER/ VOLTAGE 

• MATERIALS 

•LIFE SUPPORT EQUIPMENT 






Figure 3. - Interactions measurement payload for Shuttle (IMPS) 
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Figure 4. - IMPS payload, mod C 







